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Assessment of Subacromial Space
and Its Relationship With Scapular Upward Rotation
in College Baseball Players
Stephen John Thomas, Charles Buz Swanik, Thomas W. Kaminski, Jill S. Higginson,
Kathleen A. Swanik, and Levon N. Nazarian
Context: Subacromial impingement is a common injury in baseball players and has been linked to a reduction
in the subacromial space. In addition, it has been suggested that decreases in scapular upward rotation will
lead to decreases in the subacromial space and ultimately impingement syndrome. Objective: The objective
of this study was to evaluate the relationship between acromiohumeral distance and scapular upward rotation
in healthy college baseball players. Design: Posttest-only study design. Setting: Controlled laboratory setting.
Participants: 24 healthy college baseball players. Intervention: Participants were measured for all dependent
variables at preseason. Main Outcome Measures: Acromiohumeral distance at rest and 90° of abduction
was measured with a diagnostic ultrasound unit. Scapular upward rotation at rest and 90° of abduction was
measured with a digital inclinometer. Results: Dominant-arm acromiohumeral distance at rest and 90° of
abduction (P = .694, P = .840) was not significantly different than in the nondominant arm. In addition, there
was not a significant correlation between acromiohumeral distance and scapular upward rotation at rest and
90° of abduction for either the dominant or the nondominant arm. Conclusions: These results indicate that
the acromiohumeral distance is not adapting in the dominant arm in healthy throwing athletes. In addition, a
relationship was not identified between acromiohumeral distance and scapular upward rotation, which was
previously suggested. These results may suggest that changes that are typically seen in an injured population
may be occurring due to the injury and are not preexisting. In addition, scapular upward rotation may not be
the only contributing factor to acromiohumeral distance.
Keywords: shoulder, ultrasound, rotator cuff, range of motion
Clinically, subacromial impingement syndrome is a
common injury among overhead athletes.1–6 It is typically
defined as an entrapment of the soft-tissue structures
in the subacromial space during arm elevation.7 Any
decrease of the subacromial space may lead to a compression of the soft-tissue structures, thereby leading to
impingement pain. In the past, impingement syndrome
has been suggested to be associated with anterior instability in baseball players.4–6 However, recent data have
demonstrated altered scapular kinematics in subjects with
impingement syndrome, suggesting that these abnormalities may also be related to the injury.8,9
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The commonly reported scapular alterations in
injured baseball players are decreased upward rotation,
increased anterior tilting, protraction, and internal rotation.1,8,10,11 In previous work we have observed a decrease
in scapular upward rotation over the course of a baseball
season in both high school and college baseball players.12,13 We also found significantly less upward rotation
and increased protraction in college than in high school
baseball players.14 This suggests that the commonly
seen alterations in scapular kinematics in patients with
impingement are also occurring in healthy baseball players and require additional scrutiny. Biomechanically these
scapular alterations have been thought to decrease the
subacromial space, thereby leading to mechanical compression of the supraspinatus and subacromial bursa.15,16
This compression over time may very well cause irritation, pain, and inflammation in the subacromial space,
further exacerbating the symptoms17; however, only 1
study has attempted to measure the acromiohumeral distance in college baseball players compared with control
subjects.18 They found that the college baseball players
had a significantly increased acromiohumeral distance
at 0° and 90° of glenohumeral abduction, suggestive of
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a beneficial adaptive change to allow for more clearance
of the subacromial structures compared with controls.18
However, that study neglected to compare the baseball
players’ throwing arms with their nonthrowing arms.
This comparison between the throwing and nonthrowing
shoulders would be informative with respect to adaptive changes or congenital differences. Furthermore, no
studies have assessed acromiohumeral distance in the
same subjects’ dominant and nondominant arms and also
correlated the acromiohumeral distance measurement
with scapular upward rotation to establish the inferred
mechanism for potential impingement. We hypothesized
that the dominant arm would have a decreased acromiohumeral distance at both rest and 90° of abduction
compared with the nondominant arm. In addition, we
hypothesized that there would be a positive relationship
between acromiohumeral distance and scapular upward
rotation at both rest and 90° of abduction.

Methods
Design
A posttest-only design was used to assess 2 dependent
variables and 1 independent variable. The independent
variable was arm (dominant and nondominant). The
dependent variables were acromiohumeral distance and
scapular upward rotation at rest and at 90° of glenohumeral abduction. The average of 3 measurements was
taken for analysis.

Participants
Twenty-four healthy college baseball players (pitchers,
n = 12, age = 19.4 ± 1.16 y, mass = 88.14 ± 4.81 kg,
and height = 188.38 ± 5.61 cm; position players, n = 12,
age = 19.8 ± 1.48 y, mass = 90.19 ± 6.67 kg, and height
= 184.15 ± 2.97 cm) volunteered to participate in this
study. Inclusionary criteria consisted of participation on
an intercollegiate baseball team, age 18 to 30 years, and
being healthy for the past 6 months. Exclusion criteria
consisted of injury or surgery in the past 6 months, and
subjects were not allowed to throw in the 5 days before
testing. The study was approved by a university institutional review board. Informed consent and a healthhistory questionnaire were obtained from participants
before testing.

Instrumentation
Ultrasound scanning of the acromiohumeral distance was
performed with a 10-MHz linear transducer and a commercially available compact ultrasound system (Sonosite
Titan, Sonosite Inc, Bothell, WA) that has a measurement
accuracy of 0.15 mm. A priori intratester reliability of the
acromiohumeral distance at 0° and 90° of glenohumeral
abduction was assessed in a previous study by Wang et
al.18 The calculated ICC2,1 values for acromiohumeral
distance at 0° and 90° of glenohumeral abduction were
.81 and .75, respectively.

Scapular upward rotation was measured using a
Saunders digital inclinometer (The Saunders Group Inc,
Chaska, MN) modified to rest evenly on the scapular
spine.19 The digital inclinometer was modified using
methods described by Johnson et al.20 A priori test–retest
reliability of the scapular upward rotation measurements
was assessed by the primary investigator. Both shoulders of 18 healthy volunteers were measured and then
remeasured 3 to 5 days later. The intraclass correlation
coefficients (ICCs) and standard errors of the mean
(SEM) for scapular upward rotation were .967 (0.70°)
and .974 (0.86°) at rest and 90° of glenohumeral abduction, respectively.

Procedures
The acromiohumeral distance was measured with the subject seated upright on a stool. Care was taken to position
the subject in a normal upright posture. The subject’s arm
was actively placed in the scapular plane (30° anterior to
the frontal plane) with 0 and 90° of shoulder abduction
(measured with a digital inclinometer). The ultrasound
transducer was placed on the midpoint of the lateral
edge of the acromion (Figures 1 and 2). The midpoint
was determined by palpating the anterior and posterior
aspects of the acromion. Within the ultrasound window
the acromion, humeral head, and rotator cuff were identified. The acromiohumeral distance at 0° of abduction
was recorded as a perpendicular line from the lateralmost tip of the acromion to the humeral head (Figure
3). For 90° of abduction the participant was instructed
to actively position his shoulder in 90° of abduction and
90° of external rotation. This position was measured with
a digital inclinometer, and participants were asked to
actively hold that position during testing. Similar to the
acromiohumeral distance at rest, the distance between
the most lateral edge of the acromion and the humeral
head was recorded for the 90° position.18 When the
acromiohumeral distance was identified, the image was
frozen and saved to the hard drive and removed after
testing was complete for analysis. The image was then
opened using Image J software (Bethesda, MD), and the
acromiohumeral distance was measured and recorded.
This measurement was taken bilaterally for all subjects.
Scapular upward-rotation measurements were taken
with the subject standing with normal relaxed posture. A
guide pole was used to help position the subject’s arm at
90° of abduction in the scapular plane. When the appropriate amount of abduction was determined, a pin was
inserted into the guide pole and the subject was instructed
to abduct his arm against the pin to maintain accurate
shoulder positioning. This position was maintained
until the measurement was recorded. The lateral arm of
the inclinometer was then placed over the posterolateral
acromion and the medial arm was placed over the root
of the scapular spine. The hold button was pressed to
record the measurement. This was repeated twice, and
the average of the 2 measurements was recorded. All
measurements were taken bilaterally by the primary

Figure 2 — Participant positioning and ultrasound probe
placement for the acromiohumeral distance at 90° of glenohumeral abduction and 90° of external rotation.

Figure 1 — Participant positioning and ultrasound probe
placement for the acromiohumeral distance at rest.

Figure 3 — Measurement of the acromiohumeral distance using ultrasound. A, acromion; R, rotator cuff; H, humeral head. The
vertical line indicates the acromiohumeral distance.
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investigator, and the subjects did not perform a warm-up
before the measurements. The primary investigator was
blinded to the arm dominance of the athlete, and the order
of testing was alternated.

Statistical Analysis
Data analysis consisted of descriptive and interferential
statistics. Paired-sample t tests were performed comparing dominant and nondominant arms for acromiohumeral
distance. Pearson correlations were calculated relating
acromiohumeral distance and scapular upward rotation.
Since there were no side-to-side differences, both shoulders were pooled together for the correlation analysis to
increase power.

Results
Means and standard deviations for acromiohumeral distance are presented in (Table 1). Paired-sample t tests did
not reveal a significant difference between the dominant

arm and nondominant arm for acromiohumeral distance
at 0° and 90° of glenohumeral abduction (P = .7, P =
.8). Means and standard deviations for scapular upward
rotation are presented in (Table 1). Pearson correlation
demonstrated a nonsignificant correlation between acromiohumeral distance at 0° and scapular upward rotation
at rest for both the dominant and the nondominant arm
(r = –.02, P = .9; r = .35, P = .1, respectively; Figures
4 and 5). A nonsignificant correlation was also found
between acromiohumeral distance at 90° and scapular
upward rotation 90° of glenohumeral abduction for both
the dominant and the nondominant arm (r = –.09, P = .7;
r = .1, P = .6, respectively; Figures 6 and 7).

Discussion
The results of our study indicated that healthy college
baseball players did not present with bilateral differences in acromiohumeral distance. It was surprising
that correlations between acromiohumeral distance and
scapular upward rotation were not found. Our findings

Table 1 Dominant- and Nondominant-Arm Subacromial Space
and Scapular Upward Rotation at Rest and 90° of Glenohumeral
Abduction, Mean ± SD
Measurement

Position

Dominant arm

Nondominant arm

Subacromial space, mm

0°
90°

12.07 ± 1.95
12.85 ± 2.35

11.96 ± 1.85
12.77 ± 2.35

Scapular upward rotation, °

0°
90°

6.23 ± 3.26
28.11 ± 7.22

7.48 ± 3.59
24.43 ± 5.65

Figure 4 — Correlation between dominant-arm acromiohumeral distance (AHD) at 0° and scapular upward rotation
at 0° of glenohumeral abduction. There was not a significant
correlation.

Figure 5 — Correlation between nondominant-arm acromiohumeral distance (AHD) at 0° and scapular upward rotation
at 0° of glenohumeral abduction. There was not a significant
correlation.
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Figure 6 — Correlation between dominant-arm acromiohumeral
distance (AHD) at 90° and scapular upward rotation at 90° of glenohumeral abduction. There was not a significant correlation.

revealed no significant difference between the amount of
acromiohumeral distance at either the 0° or 90° position
on the dominant arm compared with the nondominant
arm. There was not a significant correlation between
acromiohumeral distance and scapular upward rotation
at either the 0° or 90° position, suggesting there was
no change in acromiohumeral distance with increased
scapular upward rotation.
Acromiohumeral distance has recently been studied
in pathologic and overuse populations using ultrasound
and magnetic resonance imaging (MRI).16,18 Although
only a few studies examined acromiohumeral distance,
they had conflicting results. Hebert et al 21 studied
acromiohumeral distance in a group with impingement
syndrome compared with a healthy control group. They
demonstrated a decreased amount of acromiohumeral
distance in the impingement group compared with the
control group at the 80°, 90°, and 110° positions of
abduction. Desmeules et al16 also examined acromiohumeral distance in a group with impingement syndrome
compared with a healthy control group. They found that
there was not a significant difference of acromiohumeral
distance between the impingement group and the control
group. This is similar to our current study that found no
difference between the dominant and nondominant arms
of healthy baseball players. It was hypothesized that due
to the repetitive nature of overhead throwing and the large
occurrence of impingement syndrome in baseball players,
there would have been significantly less acromiohumeral
distance in the dominant arm than in the nondominant
arm. This adaptation would prevent clearance of the
rotator cuff and biceps tendon within the subacromial
space, thereby increasing the likelihood of overuse tendon

Figure 7 — Correlation between nondominant-arm acromiohumeral
distance (AHD) at 90° and scapular upward rotation at 90° of glenohumeral abduction. There was not a significant correlation.

injuries. However, decreased acromiohumeral distance
was not demonstrated at either 0° or 90° of glenohumeral
abduction, which suggests there is no deleterious adaptation to subacromial space occurring in healthy baseball
players. It may be that this healthy cohort has sufficient
clearance of the rotator cuff through the subacromial arch,
which would allow for minimal compression of the softtissue structures during throwing. Similar to the current
study, Wang et al18 examined acromiohumeral distance
in a group of college baseball players but compared them
with healthy nonthrowing controls. They found that the
college baseball players had significantly more acromiohumeral distance at both 0° and 90° of glenohumeral
abduction than did the nonthrowing control group. They
suggested that baseball players may adaptively increase
the acromiohumeral distance through enhanced neuromuscular control of the scapula to prevent injuries due
to the repetitive overhead nature of throwing. However,
we also did not observe any increase in dominant-arm
acromiohumeral distance, which would have been
expected based on the results of Wang et al.18 However,
Wang et al18 pooled both the dominant and nondominant
arms together to compare between baseball players and
nonthrowing controls. Therefore, it is difficult to compare
the results of their study with those of our current study.
Future studies are needed to examine acromiohumeral
distance prospectively to determine if participation in
overhead sports causes changes overtime.
The scapula has gained substantial attention in the
past decade in regard to overuse shoulder injuries.1,9,22–25
Several studies have demonstrated alterations in scapular position or motion in injured and healthy overhead
athletes.8,9,19,26 These studies have commonly observed
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decreased amounts of scapular upward rotation,8,9,19,27
which is thought to decrease the subacromial space by
approximating the acromion with the humerus. However,
this relationship has yet to be determined in healthy college baseball players.
The results of the current study did not demonstrate
a significant correlation between acromiohumeral distance and scapular upward rotation at either 0° or 90°
of glenohumeral abduction. This finding suggests that
there is no relationship between the amount of scapular
upward rotation present and the acromiohumeral distance
in healthy baseball players. Clinically, this is an important
finding due to the strong assumption that any decreases in
scapular upward rotation place the acromion closer to the
humerus. This is then thought to cause shoulder injuries
such as impingement and rotator-cuff tears in overheadthrowing athletes due to increased compression force on
the soft-tissue structures in the subacromial space.8,9,19
One study has examined subacromial clearance through
the use of contact forces in cadaver shoulders and the
effect of scapular motion on subacromial clearance.28
Those researchers found that the subacromial clearance
was decreased as scapular upward rotation was increased.
This finding goes against previous theories, which
describe increased clearance with increased scapular
upward rotation.9,24,29 Our study does not agree with
the current in vivo theory or the findings of the cadaver
study; however, Karduna et al28 examined this in cadavers
with simulated muscle activation of the rotator cuff and
deltoid. The effect of muscle contraction or at minimum
baseline muscle tone may play a large part in this relationship. Muscle contractions have been shown to cause
large translations of the humeral head during motion,
potentially even leading to shoulder dislocation.30 These
strong muscle contractions that are often observed during
overhead throwing may be affecting the acromiohumeral
distance. However, during testing only minimal muscle
contractions are required to support the arm and therefore
may not adequately represent the true relationship during
functional movements such as throwing. Another possible
explanation for the lack of a relationship between scapular
upward rotation and acromiohumeral distance may be
glenoid inclination. It has been shown that individuals
with a larger glenoid inclination angle have a higher risk
of rotator-cuff tears.31 Overhead athletes with a larger
glenoid inclination angle may have less acromiohumeral
distance due to the orientation of their glenoid and not due
to changes in scapular upward rotation. Unfortunately,
this was not measured in the current study because
of the need for radiographs, but future studies should
examine this in healthy overhead athletes to provide a
more detailed analysis of the effect on acromiohumeral
distance and potentially rotator-cuff injury. Due to the
results of our current study and others, it seems likely that
the acromiohumeral distance is multifactorial in nature,
and scapular upward rotation alone does not contribute to
changes in healthy individuals. Every variable discussed
may play a role in changes in acromiohumeral distance,
and in the future should all be examined to determine the

relative contributions of each. This will help clinicians
better weigh each alteration to concentrate their efforts
in preventing and managing overuse shoulder injuries in
overhead-throwing athletes.

Limitations
There are some limitations to this study that should be
acknowledged. First, both pitchers and position players were combined and analyzed together. It has been
demonstrated in the literature that pitchers subject their
shoulders to additional stress due to the high number
of repetitions in each game. However, in a recent study
that was conducted in our laboratory measuring scapular
upward rotation, no differences were observed between
pitchers and position players.32 Next, only 1 of the possible 5 degrees of freedom was measured for the scapula.
This is a limitation due to the potential injury risk of
alterations in the other motions of the scapula. Posterior
tilting of the scapula has been thought to correlate with
acromiohumeral distance, as well, and may be another
factor that needs to be considered in the future. However,
to our knowledge scapular upward rotation is the only
valid and reliable measurement that can be observed clinically.20,33–35 Currently, a 3-dimensional electromagnetic
tracking system can be used to measure all five degrees
of scapular motion. However, this technique does not
translate well to a clinician and still has some question as
to its validity and reliability due to skin motion between
the sensor and the scapula.36,37

Conclusion
Healthy college baseball players do not present with
acromiohumeral-distance differences when comparing
the dominant arm with the nondominant arm. These
results indicate that the acromiohumeral distance is
not adapting in the dominant arm in healthy throwing
athletes; this may suggest that changes that are typically
seen in an injured population may be occurring due to
the injury. However, prospective studies are needed to
further monitor overhead athletes over time to determine
if the acromiohumeral distance is adaptively changing. A
relationship was not identified between acromiohumeral
distance and scapular upward rotation. This suggests that
scapular upward rotation may not be the only contributing
factor to acromiohumeral distance. Other factors such as
scapular posterior tilting, the level of muscle contraction,
and glenoid inclination may all play roles in the acromiohumeral distance and should be examined in the future to
determine the relative contribution of each.
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